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CHEMICAL ANALYZER USING RF RADIATION
ATTENUATION MEASUREMENTS

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to the field of chemical analysis
and, more specifically, to the interaction of electromag-

netic radiation with a sample to determine certain in- |

trinsic characteristics such as the rate at which a chemi-
cal reaction may be progressing, and by extension the
concentration of one or more specific components in
the sample. ,

This invention pertains even more particularly to a
chemical analyzer which employs a contactless meth-
odology, based on the transmission of electromagnetic
radiation in the radio frequency (“RF”) range along a
known path through a volume element of a sample.

This invention also relates to various probe and sys-
tem designs which facilitate the use of RF radiation

5

attenuation as the basis for the measurement of certain -

chemical characteristics of a sample.

2. Background Art

One ordinarily skilled in chemical analysis is gener-
ally familiar with a variety of apparatus which measure
changes in the way a sample interacts with an electro-
magnetic field to obtain a measure of the concentration
or change in concentration of components in the sam-
ple.

One example of such a device is the conductivity
meter. As the name implies, these devices measure the
electrical conductivity of the sample. Most of these
devices have electrode probes which must be placed in
contact with the sample. This is known to create several
disadvantages, including sample contamination, probe
contamination, and probe degradation. Several other
classes of devices avoid the necessity of placing a probe
in contact with the sample. These include spectropho-
tometers and high frequency titrators.

Spectrophotometers measure changes in a light signal
as it is propagated through a sample. This makes them
suitable for chemical analysis of compounds which
interact with radiation of the infrared, visible, and ultra-
violet frequencies. Compounds which do not interact
with these frequency ranges, however, are not suscepti-
ble to measurement by such devices.

High frequency titrators represent the first attempts
at measuring changes in sample interactions with RF
fields. They measure resistance, capacitance, or induc-
tance of a tuned circuit incorporating the sample. As a
result they are, as a class, susceptible to changes in
complex impedances and exhibit nonlinear response and
calibration problems.

SUMMARY OF THE INVENTION

There thus exists a need for a device which measures,
directly or indirectly, the change of concentration of
one or more species in a sample without contaminating
the sample or fouling the sampling sensors. The present
invention resides in a system which monitors the afore-
mentioned change in concentration which may be
brought about by chemical reaction, light, heat, pres-
sure or other means. This rate information is then con-
verted into concentration information via internally
stored rate to concentration translation data.

Rate data is acquired by monitoring alterations in the
RF attenuation of the sample during the change in con-
centration. As with high-frequency titrators the present
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invention eliminates the need for sensors which are in
contact with the sample. Thus, problems of sample
contamination, instrument contamination, and probe
degradation are avoided. However, as a result of its
novel design, the present invention possesses much
greater sensitivity and wider concentration response
than previous devices.

Additional merits of a chemical analyzer according to

o the present invention are that it lends itself to automa-

tion, can be made analyte specific, can be operated in
either a batch or continuous flow manner, and can be
easily employed to monitor species contained in a sterile
environment. Furthermore, the chemical analyzer ac-
cording to the present invention can perform analysis
on samples of microliter volume.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the advantages of the
invention can be more fully understood from the fol-
lowing written description read in conjunction with the
drawings, in which:

FIG. 1 is a functional block diagram of one embodi-
ment of a chemical analyzer according to the present
invention;

FIG. 2 is a partially cut-away view of a cell and
antenna electrode arrangement which may be used to
particular advantage in a chemical analyzer according
to the present invention;

FIGS. 3A and 3B are front and top views of a second
embodiment of a cell and antenna electrode arrange-
ment according to a second embodiment of the present
invention;

FIG. 4 is a top view of a modification of the arrange-
ment of FIGS. 3A and 3B to yield a third embodiment;

FIGS. 5A and 5B are front views of a fourth embodi-
ment of a cell and antenna electrode assembly accord-
ing to a third embodiment of the present invention;

FIGS. 6A and 6B are top views of two embodiments
of part 260 from FIG. 5A;

FIG. 7 is a front view of a fifth embodiment accord-
ing to the present invention;

FIG. 8 is a partially cut-away front view of a sixth
embodiment of a cell and electrode assembly according
to the present invention;

FIG. 8A is a front view of a seventh embodiment
according to the present invention;

FIG. 9 is a standard curve generated by a chemical
analyzer according to the present invention;

FIGS. 10-15 are graphs which show a response to
varying phosphate concentration for several frequen-
cies between 100 KHz and 20 MHz;

FIGS. 16-17 are graphs showing various types of
enzyme reactions tracked by the chemical analyzer;

FIG. 18 is a graph showing the degree of correlation
between values as determined by an accepted clinical
method and values as determined by a chemical analy-
zer according to the present invention;

FIG. 19 is a graph showing an enzyme reaction sys-

" tem, employing immobilized enzyme, using the chemi-

65

cal analyzer according to the present invention;
FIGS. 20 and 21 are graphs showing the effects of
varying antenna electrode separation on sensitivity; and
FIG. 22 is a graph showing the effect of RF focussing
on .chemical analyzer sensitivity.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the following description, the term  “radio-fre-
quency” or “RF” is used to describe signals of electro-
magnetic radiation having frequencies lying in that
portion of the spectrum between about 100 KHz and
about 500 MHz. The term “antenna electrode” is in-
tended to refer to any structure used either to transmit
or receive RF signals with the goal of monitoring RF
attenuation. *Antenna electrode material” refers to any
material from which an antenna electrode may be fash-
ioned, including metals, conductive plastics, conductive
polymers, and metal films. “Rate to concentration trans-
lation” encompasses any process, including selective
data retrieval, or algebraic or algorithmic calculation,
for translating or converting data concerning a rate of a
chemical reaction into data concerning concentration
values of various components of that reaction.

With these terms in mind, and with reference first to
FIG. 1, a chemical analyzer according to the present
invention comprises a source 10 of an amplitude-stabil-
ized signal having a frequency in the radio frequency
(RF) range of the electromagnetic spectrum, i.e., any-
where from about 100 KHz to about 500 MHz. Its am-
plitude will generally be between 1 and 100 volts, plus
or minus, depending on the intended application of the
chemical analyzer. The frequency may either be fixed
or variable, again depending on the intended applica-
tion.

The RF signal from the RF source 10 is applied to a
cell 20. The cell 20 is designed to retain a volume ele-
ment of the sample under consideration. The words
“cell” and “retain” as used in this specification and
appended claims are intended to encompass both an
arrangement in which the volume element is contained
in the cell, as well as that in which the volume element
is adjacent to, surrounds, or is in any other fashion
maintained in proximity to the antenna electrodes.
Proximity here is defined in terms of geometry. Actual
distances vary with materials and environment.

The cell 20 is provided with some form of antenna
electrode structure, to be described more fully below.
The antenna electrodes are arranged so that one trans-
mits an RF signal to the other through the sample vol-
ume element. Stated another way, the antenna elec-
trodes direct the RF signal, or “first” signal, along a
known path passing through a volume element of the
sample. The volume element attenuates the first signal

—
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to a degree indicative of the chemical concentration of 50

the sample. The opposing antenna electrode(s) thus
receive an attenuated RF signal, or “second signal”.

It will, in general, be useful to provide some means
for obtaining a baseline or calibration measurement.
One such means is shown in FIG. 1. A pair of switch
units 30 and 50 are used to couple selectively the signal
either through the sample or along a path of known
attenuation. For example, when the RF signal from the
RF source 10 is applied to the cell through first switch
unit 30 when closed, no RF signal will be applied to the
calibration source 40. Alternatively, if no RF signalis
applied via the first switch unit 30, the RF signal is
applied via second switch unit 50 to a calibration source

40 which attenuates the RF signal in a known fashion. -

This calibration source 40 may be any device having a
stable and known attenuation such as an RC network or
a sealed standard solution. The calibration source 40
permits the measurement circuitry, described below, to
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compensate for changes in measured values resulting
from component drift and line voltage fluctuations.

Once the RF signal has traveled a path through either
a- volume element of the sample or the calibration
source 40 and has become an attenuated RF signal or
second signal, it is detected by measurement means
which include an RF receiver 60. The RF receiver 60
produces an analog signal the level of which indicates
the degree of attenuation of the RF signal.

The measurement means also includes signal condi-
tioning and analog-to-digital conversion (AD) circuitry
70. The converter 70 operates in a known fashion to
produce a digital representation of the voltage level of
the conditioned analog signal originating from the RF
receiver 60. The converter 70 may also perform addi-
tional signal conditioning including variable or differen-
tial amplification and autozeroing.

The digital signal from the converter 70 is applied to
a calculating means 80. In a preferred embodiment of
the invention, the calculating means 80 is a suitably
programmed microprocessor with associated random
access memory (RAM) and read only memory (ROM).
The microprocessor may be programmed to perform
any one of a number of types of data analysis, depending
on the types of information ultimately desired. For
example, the calculating means 80 may monitor the
system for deviation above or below certain set points
and provide a “yes or no” type response when such
deviations occur.

Alternatively, the calculating means 80 may make a
determination of the initial rate of the reaction and use
this information to extrapolate reactant’s initial concen-
tration. Initial rates of reaction can be correlated with a
high degree of accuracy to reactant concentration if the
kinetics of the reaction are known.

As shown in FIG. 1, the calculating means 80 can
employ feedback to control the gain of the converter 70
through a gain block 90, the DC level or “autozeroing”
of the converter 70 through an autozero unit 100, or the
calibration of the converter 70 through a standardiza-
tion unit 110. Suitable feedback algorithms for use in
these applications will be apparent to one of ordinary
skill in the art. The calculating means 80 can read
lookup tables, mathematical functions or heuristic algo-
rithms from an associated ROM which may be used to
convert the binary indication of voltage level received
from the converter 70 to a concentration value.

As the correlation between voltage level and concen-
tration value is a function of temperature, the system
may also include a temperature sensor 120 to provide
the calculating means 80 with an indication of sample
temperature.

On the basis of the data supplied to it, the calculating
means 80 generates values which are provided to a
display 130 to provide a visual indication of concentra-
tion values, or of any other parameters which have been
selected for display. Display 130 may include a printer,
panel display bars, host computer, or a related device.

Design of the cell 20 is an important consideration for
obtaining optimal results from an analyzer according to
the present invention. The critical factors requiring
consideration include thickness and composition of
materials interposed between the sample and the an-
tenna electrodes and antenna electrode deployment.
This latter consideration subsumes antenna electrode
separation and antenna electrode geometry and surface
area. The antenna electrodes are ideally arranged to
present as little surface area as possible to each other in
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order to minimize capacitive coupling between antenna
electrodes. Focusing techniques may be taken into ac-
count in designing and constructing antenna electrodes
in order to increase RF power density through the
sample.

It will be appreciated that if the specific shape of the
cell defines a volume element containing a path for the
propagation of an RF signal, from transmitting to re-
ceiving antenna electrodes, it is a cell within the con-
templation of the present invention.

It will also be noted that all the cell configurations to
be described prevent any direct contact between the
antenna electrodes and the sample.

In a very simple type of cell usable as the cell 20,
plate-shaped antenna electrodes may be positioned op-
posite each other across the cell, or partially cupping
the cell with one antenna electrode above the other.
However, these designs are inherently flawed since
they exhibit excessive capacitive coupling and poor RF
focusing. :

10

20

A more effective design comprises ring-shaped an-

tenna electrodes encircling the cell and stacked one
over the other. Such a design is illustrated in FIG. 2.
The cell of FIG. 2 includes a tube-shaped member 140,
a transmission antenna electrode array comprising an-
tenna electrode rings 150 and 160, and a receiving an-
tenna electrode array comprising antenna electrode
rings 170 and 180. While each array has been shown to
include only two rings, more or fewer rings could be
used. When more than two antenna electrodes are used
the transmitting antenna electrode array and the receiv-
ing antenna electrode array are preferably interdigitated
so that the rings alternate one from one array and one
from the other along the length of tube 140. It has been
found that such an interdigitating array enhances RF
focussing and yields a cell which is significantly more
sensitive to concentration changes than one with single
ring pair configurations.

The embodiment of FIG. 2 also includes a shield 190
to prevent outside interference. This shield may be
grounded. It is also possible to provide an active shield
which is driven by a shield driver 195 as shown. This
active shield is disposed inside of a passive, grounded
shield 196. The particular type of shielding to be used,
or whether to use shielding at all, will depend on the
environment of, and the sensitivity required, by a given
application.

A second type of cell is shown in FIGS. 3A and 3B.
It comprises an insulated well 200 affixed to a plate of an
insulative material, for example, a sheet of glass. On the
other side of and flat to the plate 210 are transmitting
antenna electrode 220 and a receiving antenna electrode
230. The antenna electrodes are made, for example,
from copper foil but other antenna electrode materials,
e.g., metals films, conductive plastics, etc. could be
used. In the embodiment of FIGS. 3A and 3B, the well
200 and antenna electrodes 220 and 230 are rectangular.
The antenna electrodes 220 and 230 present only their
edges to each other thereby decreasing capacitive cou-
pling.

A sponge 240 may be placed in the well 200 which
will absorb the liquid sample. This sponge provides a
predefined sample path and may be impregnated with
any enzymes or buffers required for the reaction. It also
helps to prevent sample spillage.

A third type of cell includes a generally circular
antenna electrode and well arrangement is shown in
FIG. 4. Antenna electrode 220 is shaped as a central
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plate or disk and antenna electrode 230 as a surrounding
ring. It has been found that this arrangement provides
more sensitivity than the rectangular arrangement. On
the other hand, the rectangular arrangemeat requires
less volume to achieve full sensitivity. Other well con-
figurations are possible and may be preferred in some
applications.

FIGS. 5A and 5B show a fourth embodiment which
will be referred to as a dip-type arrangement. FIG. 5A
shows a transmitting antenna electrode. It has a rodlike
support 250 with either disc-shaped or corona-shaped
radiating surfaces 260 attached perpendicular to the rod
250. The entire transmitting antenna electrode is coated
with an insulative material. FIG: 5B shows the receiv-
ing antenna electrode can be shaped like a conventional
test tube 280 with a wrap of copper foil 290 or other
antenna electrode material about it. The transmitting
antenna electrode is inserted into tube 280 to form the
complete cell. The sample is contained within tube 280.
The benefits of this design are that the tube 280 may be
made disposable. It may further have reactants and/or
buffer solutions in it. The rodlike member 250 may be
provided at its upper end with a stopper member 300 for
sealing the tube 280.

FIGS. 6A and 6B show preferred configurations for
the radiating surfaces 260. FIG. 6A shows a corona-
type configuration while FIG. 6B shows a disk-type
configuration. Other configurations are possible. The
antenna electrode surfaces may be provided with a
coating 310 such as glass, plastic or wax to provide
isolation from the sample.

As opposed to the embodiments previously described
in which the volume element of the sample is confined
within the cell, a fifth arrangement shown in FIG. 7 is
useful in applications where it is more convenient to put
the sensor-assembly into the sample. An example would
be where there is a very large volume of sample to be
monitored, as with batch fermentors. This design is an
eversion of the cells previously described. Thus, rather
than placing an electrode antenna on the outside of the
cell and the sample on the inside, antenna electrodes 320
are disposed inside a tube 280 which is then sealed with
a plug 340. A cell such as that shown in FIG. 7 is thus
submersible, the sample being around rather than inside
the tube.

A sixth sensor embodiment is shown in FIG. 8. This
embodiment is also a submersible type and can be con-
ceived of as a modification of those shown in FIGS. 5A
and 5B. The tube 280 in the embodiment of FIG. 8 is
open at both ends. The antenna electrode 290 is dis-
posed on the inside surface of the tube 280. The coating
310 isolates the antenna electrode 290 from the interior
of the tube 280, which in the arrangement shown will
contain sample. Rodlike member 250 with coated radi-
ating surfaces 260 is disposed inside the tube 280. This
yields the improvement of a cell which is open to the
greater environment while restricting the RF path to a
defined configuration.

A cell embodiment similar to that of FIG. 2 is shown
in FIG. 8A. This cell is of a flow-through type which
would be useful in a continuous flow or automated
testing environment. It includes a tube 350 of insulative
material with a ring-type antenna electrode array 360
arranged similarly to that of FIG. 2. One end of the tube
is connected to an inlet tube 370 and the other end is
connected to an outlet tube 380 so that fluid may flow
through the cell.
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An alternative embodiment for cell construction and
particularly antenna electrode creation can be obtained
by either sputtering, electrochemically or chemically
depositing metal onto the cell, rather than by physically
positioning discrete metal antenna electrodes about the
cell. This has advantages for both precision and for cost
effectiveness in large scale production. This type of
antenna electrode system lends itself to several replace-
able mounting techniques. For example, spring metal
clips could be used to make contacts with metal rings
which are deposited on either surface of a test cell. It is
also possible to use carbon- or metal-impregnated plas-
tics or other conductive polymers as antenna elec-
trodes. Impregnated plastics would be washable, de-
formable, and shapeable. The capability of making ex-
otic shapes, of mass producing the antenna electrodes,
and of achieving overall cost effectiveness would  all
accrue from using such electrodes. This will signifi-
cantly ease the design of systems reguiring many cell
changes and will ‘facilitate sterilization and clean-up
procedures. For example, simple deformable clamps
made of such plastics and acting as antenna electrodes
could be designed to hold almost any shaped cell mak-
ing contact as precise and reproducible as desired.

It should also be noted that it may be desired in study-
ing a certain sample to vary antenna electrode separa-
tion as an independent variable. Such variation may be
accomplished by either physical or electronic means.
Cell design may be influenced by a decision to utilize
this method of altering the RF path.

As set forth above, one embodiment of the present
invention could include a single set of antenna elec-
trodes in configurations as set forth above. It may also
include multiple sets of antenna electrodes on a single
cell to greatly increase the sensitivity of the cell.

It is important to note that the theory of operation of
a chemical analyzer according to the present invention
is different from any hitherto known or used. Previous
attempts to use high frequency, contactless measure-

ment methodologies have employed measurements of 40

capacitive, resistive or inductive effects. The present
invention, on the other hand, contemplates measure-
ment of dielectric loss as manifested by RF attenuation,
that is, the electromagnétic energy which a dielectric
absorbs and converts to other forms of energy when a
periodic electromagnetic force (EMF) is propagated
through it. This loss is a function of the dielectric ab-
sorption of the sample and of frequency. The dielectric
absorption of the sample will depend on the concentra-
tions of the various chemical components of the sample.

The chemical analyzer according to the present in-
vention can be used to study chemical concentration
changes in a variety of systems. It may be used as a
detector in biological systems, such as in blood and
urine chemistry analysis, in environmental systems such
as fermentation systems or cell culture, or in such ana-
lytical instrumentation applications as, for example, a
monitor in a high performance liquid chromatography
system. The nature of the invention makes it especially
well suited to automated test equipment applications
such as automated blood analysis equipment. Further
the invention will find a special usefulness in process
control or other continuous flow applications.

As an example of operation of a chemical analyzer
according to the present invention, FIG. 9 shows a
standard curve generated by a chemical analyzer oper-
ating at 4 MHz. The curve represents the addition of
aliquots of known concentrations of NaCl to distilled
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water. The graph shows that over a certain concentra-

“tion range, the “active region”, the chemical analyzer

produces a nearly linear response to concentration
change, but that over larger concentration ranges lin-
earity decreases and eventually vanishes. The term
“active region” denotes the portion of the curve where
attenuation varies nearly linearly as a function of con-
centration.

Different concentration ranges are ‘more easily
probed by different RF frequencies. FIGS. 10-15 are
graphs which show the response to phosphate buffer
concentration in de-ionized water for several frequen-
cies between 100 KHz and 20 MHz. It can be seen that
the active region encompasses higher concentrations
with increasing frequency. Thus, frequency sweeping
techniques will be an important ‘testing modality for
monitoring wide ‘concentration ranges at maximum
sensitivity. However, if the concentration range is suffi-
ciently narrow, a single frequency may be selected
which spans it, thereby maximizing sensitivity and re-
ducing the cost of the device by eliminating the need for
frequency sweeping. These figures show that concen-
trations from 1 micromolar to 0.1 molar can be brought
into the active region. At 20 MHz the active region
actually extends to about 1.0 molar and calculations
indicate that a device operating at 100 MHz would have
a range above 10.0 molar.

FIGS. 16 and 17 are graphs showing various types of
enzyme reactions tracked by the chemical analyzer.
The graph of FIG. 16 is of para-nitrophenyl phosphate
(PNPP) being degraded by alkaline phosphates (AP),
specifically, 1 cc of 66 ul of 0.625M AMP buffer and 10
mg of PNPP in 20 ml de-ionized water and 5 ul of 10
mg of 1.1 units/ml AP / 10 ml de-ionized water. The
graph of FIG. 17 shows conversions of varying concen-
trations of urea by urease. In this case the samples are
blood serum which have had the BUN, a measure of the
urea content, clinically determined. Here it is possible to
see the predictable progression of rate of reaction with

_increasing BUN.

From the data on urea shown above, BUN values
were calculated and compared to the clinically deter-
mined values. The results are shown in FIG. 18. As
indicated, the correlation between the two methods was
>0.995, well within the margin for error. Calculated
BUN values were almost identical whether calculated
by reaction rate or by end point determination.

The concept of monitoring enzyme reaction systems
with chemical analyzer probes has been discussed. To
better control the parameters of the enzyme reaction,
the enzyme urease was immobilized onto the walls of a
cell. This cell was exposed to a substrate and buffer
solution consisting of 10 mM Urea in 2 mM phosphate
buffer solution at pH 7.0. The ensuing enzyme mediated
reaction was tracked by the chemical analyzer. The
results are shown in FIG. 19. This test compared favor-
ably with a similar reaction using a soluble enzyme. The
critical factor is maintaining enzyme activity during the
immobilization process.

Various types of chemical or biochemical reactions
which have been monitored with the chemical analyzer

" include titrations, rate measurements on soluble and
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immobilized enzyme systems, and polymerization reac-
tions. It should also be possible to monitor a great many
additional types of reactions, including ELISA proce-
dures:

Experiments show that within certain limits the pa-
rameters of antenna electrode separation, antenna elec-
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trode surface area and the thickness of intervening insu-
lative materials all influence signal attenuation in a lin-
ear fashion. More specifically, doubling antenna elec-
trode surface area will roughly double the signal
strength. Antenna electrode separation exhibits a more
complex relationship which first increases then passes
through an inflection point and then may or may not
decrease as electrode separation is decreased. Finally,
halving the thickness of the intervening insulative mate-
rial, while using the same material, will also roughly
double the signal strength. These relationship will fail if
extended too far. An example of the effects of electrode
separation and at what limits the relationship breaks
down is shown in FIGS. 20 and 21.

Experiments show that for certain cell configurations
RF focusing techniques which increase the power den-
sity through the chosen path also increase sensitivity.
One such technique we have discovered is the use of
muitiple, interdigitated antenna electrode arrays. Cell
geometry (here, tube diameter) and electrode number

- and separation are key factors. FIG. 22 presents a
graphical depiction of the effect of electrode pair num-
ber on sensitivity.

Celis have been made employing antenna electrodes
made from chemically deposited silver and from a con-
ductive plastic. Both types of cells worked satisfacto-
rily.

As will be appreciated from the above, many advan-
tages accrue from the use of RF radiation to probe a
sample. Beyond preservation of sample purity and
probe integrity, the technique permits great flexibility in
probe and cell design. Antenna electrodes may assume a
wide range of configurations, or be composed of a wide
range of materials. Cells may be of any configuration
which, in cooperation with the antenna electrode, de-
fine a known path for the propagation of the RF radia-
tion. Moreover, the cells may be provided with immobi-
lized enzymes for analyte specific analysis without the
need for frequent enzyme addition.

It will also be appreciated that from the raw RF
attenuation data the rate of change of attenuation can be
extracted. This in turn yields information concerning
rates of change in concentrations of one or more spe-
cific analytes. This information can be used to identify
crucial points in a reaction, or to provide continuous
concentration values. Moreover, when this information
is manipulated or compared against stored data, it may
serve as a key to inferring many other types of informa-
tion about the sample.

The present invention has been described above in
terms of several specific embodiments. These specific
embodiments have been used merely to elucidate the
concepts and principles of the invention. They should
therefore be regarded as illustrative rather than limiting.
Indeed, the invention is not limited to the specific em-
bodiment discussed above, but is instead fully commen-
surate with the scope of the following claims.

What we claim is:

1. An apparatus for analyzing a sample, comprising:

means for generating a first signal of radio frequency
electromagnetic radiation;

a transmitting antenna electrode, selectively coupled
to said generating means, for directing a first signal
along a first path passing through a volume element
of a sample to produce a second signal;

a receiving antenna electrode for receiving said sec-
ond signal;
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means, coupled to said receiving antenna electrode,
for measuring on the basis of said second signal the
degree to which said first path attenuates said first
signal over a defined interval of time; and
means, responsive to said measuring means, for corre-
lating the rate of change in attenuation of the first
signal to chemical changes occurring in the sample
itself.

2. An apparatus as claimed in claim 1, further com-
prising means, selectively coupled to said generating
means, for directing said first signal along a second path
of known attenuation, to produce a calibration signal,
and wherein said measuring means is arranged to re-
ceive said calibration signal and is further for measuring
with reference to said calibration signal, said degree to
which said first path attenuates said first signal.

3. An apparatus as claimed in claim 1, wherein said
means for correlating comprises calculating means, and
wherein said measuring means provides data on the rate
of change in attenuation of the first signal to said calcu-
lating means which determines from stored algorithms a
characteristic of the chemical composition of the sam-
ple being tested. .

4. An apparatus as claimed in claim 3, wherein said
calculating means comprises a microprocessor and
memory means for retaining a conversion information
table containing information correlating the rate of
change in attenuation of the first signal with concentra-
tion of a chemical in said sample.

5. An apparatus as claimed in claim 1, wherein said
correlating means is further for calculating a concentra-
tion of a chemical in said sample, based on said mea-
sured degree to which said first path attenuates said first
signal over said defined interval of time.

6. An apparatus as claimed in claim 5, wherein said
correlating means provides a signal indicative of said
concentration, and further comprising display means,
coupled to said correlating means, for producing a vi-
sual indication ‘of said concentration in response to a
signal from said correlating means.

7. An apparatus as claimed in claim 5, further com-
prising 2 temperature sensing means, arranged to sense
the temperature of the sample, for providing an indica-
tion of said sensed temperature to said correlating
means and wherein said correlating means is further for
calculating said concentration additionally with refer-
ence to said indication.

8. An apparatus as claimed in claim 1, further com-
prising cell means for maintaining a volume element of
said sample within a few centimeters of at least one of
said transmitting and receiving antenna electrodes.

9. An apparatus as claimed in claim 8, wherein said
cell means has an outer wall and wherein said transmit-
ting antenna electrode means comprises at least one first
antenna electrode disposed coaxially with and on said
outer wall, and wherein said receiving means comprises
at least one second antenna electrode, disposed on and
coaxially with said outer wall, and axially adjacent said
at least one first antenna electrode.

10. An apparatus as claimed in claim 8, wherein said
cell means comprises a well and said transmitting and
receiving antenna electrodes are disposed on an outer
surface of the bottom of said well.

11. An apparatus as claimed in claim 10, wherein said
well and transmitting and receiving antenna electrodes
are rectangular.

12. An apparatus as claimed in claim 10, wherein said
well is cylindrical and wherein said pair of transmitting
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and receiving antenna electrodes is formed-as a concen-
tric ring and disk.
13. An apparatus as claimed in claim 8, wherein said
cell means comprises a tube-shaped member having an
antenna electrode disposed on a longitudinal surface
thereof, and a rod-shaped member dimensioned to be
disposed within said tube-shaped member and having
one or more radiating surfaces arranged thereon.
14. An apparatus as claimed in claim 13, wherein said
tube-shaped member is closed at one axial end, and
wherein said rod-shaped member is provided with a
stopper means for sealing the other axial end of said
tube-shaped member.
15. An apparatus as claimed in claim 1, further com-
prising cell means for physically isolating at least one of
said transmitting antenna electrode and said receiving
antenna electrode from said sample.
16. An apparatus as claimed in claim 18, wherein said
cell means comprises a tube-shaped member sealed at
both ends and surrounding said transmitting antenna
electrode.
17. An apparatus as claimed in claim 1, further com-
prising a shield for preventing environmental radio
frequency radiation from interfering with transmission
of said first signal or with reception of said second sig-
nal.
18. An apparatus as claimed in claim 17, wherein said
shield is grounded.
19. An apparatus as claimed in claim 17, further com-
prising means, connected to said shield, for driving said
shield to actively prevent environmental radio fre-
quency radiation from interfering with transmission of
said first signal or reception of said second signal.
20. An apparatus for analyzing a sample, comprising:
means for generating a first signal of amplitude stabi-
lized radio frequency electromagnetic radiation;

means for propagating said radio frequency electro-
magnetic radiation along a known path through a
sample; v

means for inducing a change of concentration of at
least one chemical component in said sample for
which a change in concentration induces a change
in attenuation of said first signal as it is propagated
through the sample;

means for repetitively measuring the amplitude of

said radio frequency signal over defined, short
intervals after it has traversed said known path
through said sample; and

means for determining on the basis of the measured

amplitude a rate of change of concentration of said
at least one chemical component.

21. An apparatus as claimed in claim 20, wherein said
generating means is for generating said first signal to
have a frequency selected to cause an active region of
change in attenuation, wherein attenuation varies nearly
linearly as a function of concentration, to occur within
an anticipated range of said change in concentration.

22. An apparatus as claimed in claim 20, wherein said
generating means is frequency-variable for generating
said first signal over a predetermined range of frequen-
cies.

23. An apparatus as claimed in claim 20, wherein said
propagating means comprises an absorbent medium for
absorbing and immobilizing a quantity of said sample.

24. An apparatus as claimed in claim 20, wherein said
propagating means comprises a transmitting antenna
electrode and a receiving antenna electrode arranged to
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couple radio frequency radiation primarily along said
known path.

25. An apparatus as claimed in claim 20, wherein said
change inducing means comprises an enzyme.

26. An apparatus as claimed in claim 25, further com-
prising a cell for defining a volume element of said
sample, and wherein said enzyme is immobilized on a
wall of said cell.

27. An apparatus as claimed in claim 20, wherein said
change inducing means comprises means for exposing
said sample to light.

28. An apparatus as claimed in claim 20, wherein said
change inducing means comprises means for changing
pressure of said sample.

29. An apparatus as claimed in claim 20, wherein said
determining means comprises a microprocessor and a
memory for storing a conversion information table.

30. An apparatus for analyzing a sample, comprising:

a source of RF radiation; '

a cell, switchably connected to said RF source and
for applying said RF radiation to a volume element
of a sample;

a calibration source, switchably connected to said RF
source, for producing a known attenuation in said
RF radiation when said RF radiation is applied to
said calibration source;

receiving means, coupled to said cell and said calibra-
tion source, for receiving attenuated RF radiation
which has traversed one of said volume element
and said calibration source, and for producing ana-
log signals indicative of the magnitude of said at-
tenuated RF radiation;

means, coupled to said receiving means, for convert-
ing said analog signals to digital signals;

calculating means, coupled to said converting means,
for determining which of said cell and said calibra-
tion source is connected to said RF source, for
computing the rate of change of attenuation of said
RF radiation by said volume element on the basis
of digital signals, for determining a change in con-
centration of at least one component of said volume
element on the basis of said.computed attenuation;
and

means, responsive to said calculating means, for dis-
playing results of said computing.

31. An apparatus as claimed in claim 30, wherein said

cell comprises:

means for retaining said sample;

transmitting electrode means for transmitting antenna

- and focusing said RF radiation through a volume
element of said sample; and

receiving antenna electrode means for receiving said
RF radiation after said RF radiation has traversed
said volume element of said sample.

32. An apparatus as claimed in claim 31, wherein
retaining means is substantially cylindrical, wherein said
transmitting antenna electrode means comprises a first
array of ring-shaped electrodes each surrounding a
respective -axial portion of said retaining means, and
wherein said receiving antenna electrode means com-
prises a second array of ring-shaped antenna electrodes
each surrounding a respective axial portion of said re-
taining means, said first and second array being interdig-
itated.

33. An apparatus as claimed in claim 30, further com-
prising a temperature sensor, arranged to sense temper-
ature of said sample and for generating a temperature
signal indicative of the sensed temperature, and wherein
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said calculating means is coupled to said temperature
sensor, and is further for determining said concentration
with reference to the sensed sample temperature.

34. An apparatus as claimed in claim 30, further com-
prising means, coupled to said converting means and
responsive to said calculating means for amplification of
said attenuated RF radiation which has passed through
said volume element of said sample.

35. An apparatus as claimed in claim 30, further com-
prising means, coupled to said converting means and
responsive to said calculating means, for determining a
zero level for said converting means and wherein said
calculating means is also for autozeroing.

36. An apparatus as claimed in claim 30, further com-
prising means, coupled to said converting means and
responsive to said calculating means, for determining a
calibration of said converting means.

37. An apparatus as claimed in claim 30, further com-
prising: first switch means, interposed between said
source of RF radiation and said cell, and responsive to
said calculating means, for controlling connection be-
tween said source of RF radiation and said cell in re-
sponse to a signal from said calculating means.

38. An apparatus as claimed in claim 37, further com-
prising second switch means, interposed between said
source of RF radiation and said calibration source, and
responsive to said calculating  means, for controlling
connection between source of RF radiation and said
calibration source in response to a signal from said cal-
culating means.

39. An apparatus as claimed in claim 30, further com-
prising means, responsive to said calculating means, for
providing a visual indication of said change in concen-
tration. ’

40. A method of analyzing a sample, comprising the
steps of:

(a) generating a first signal of radio frequency electro-

magnetic radiation;
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(b) direction said first signal along a path passing
through a volume element of a sample;

(c) measuring the rate of change of attenuation of said
first signal as said first signal propagates along said
path, and

(d) determining a concentration of a chemical constit-
uent in said volume element on the basis of the rate
of change in said attenuation measured in said step
(c).

41. A method of analyzing a sample as claimed in
claim 40, further comprising the additional steps after
said step (d) of:

(e) providing a visual display indicative of the con-

centration calculated in said step (d).

42. A method of analyzing a sample, comprising the
steps of: :

(a) generating a first signal of amplitude stabilized

radio frequency electromagnetic radiation;

(b) propagating said first signal radiation along a
known path through a sample;

(c) inducing a change of concentration of at least one
chemical component of said sample for which a
change in concentration induces a change in atten-
uation of the first signal;

(d) measuring as said change of concentration occurs
an amplitude of said first signal after it has tra-
versed said known path;

(e) repeating said step (d) to determine a rate of
change of attenuation of said first signal; and

(f) determining a change in concentration of said
component on the basis of said rate of change of
attenuation.

43. A method of analyzing a sample as claimed in
claim 41, further comprising a first step of initiating a
chemical reaction in said volume element of said sam-
ple, and wherein in steps (c) and (d) thereof, an initial
rate of change of attenuation is measured and an initial

concentration is determined, respectively.
* * * * *



